ABSTRACT. Marine environments are a reservoir of relevant information on dangerous contaminants such as hydrocarbons, as well as microbial communities with probable degradation skills. However, to access microbial diversity, it is necessary to obtain high-quality DNA. An inexpensive, reliable, and effective metagenomic DNA (mgDNA) extraction protocol from marine sediments contaminated with petroleum hydrocarbons was established in this study from modifications to Zhou's protocol. The optimization included pretreatment of sediment with saline solutions for the removal of contaminants, a second precipitation and enzymatic degradation of RNA, followed by purification of mgDNA extracted by electroelution. The results obtained indicated that the modifications applied to 12 sediments with total petroleum hydrocarbon (TPH) concentrations from 22.6-174.3 (µg/g dry sediment) yielded 20.3-321.3 ng/µL mgDNA with A 260 /A 280 and A 260 /A 230 ratios of 1.75 ± 0.08 and 1.19 ± 0.22, respectively. The 16S rRNA amplification confirmed the purity of the mgDNA. The suitability of this mgDNA extraction protocol lies in the fact that all chemical solutions utilized are common in all molecular biology laboratories, and the use of dialysis membrane does not require any sophisticated or expensive equipment, only an electrophoretic chamber.
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INTRODUCTION
Metagenomics is a culture-independent method (Cottrell et al., 2005) that efficiently captures the genome of a microbial community (Mineta and Gojobori, 2016) . Marine environments are a reservoir of relevant information on dangerous contaminants such as hydrocarbons, as well as microbial communities with probable degradation skills. Moreover, the information generated can be used as a biological indicator for the characterization of aqueous pollution (Santhiya et al., 2011) .
However, to access microbial diversity it is necessary to obtain high-quality DNA (Devi et al., 2015) , an essential requirement for many of the next-generation high-throughput techniques (Fortin et al., 2004; Sharma et al., 2005) . The construction of a metagenomic library represents the entire genetic complement of a single habitat, depending on the efficiency of the DNA extraction method (Felczykowska et al., 2015) . In this regard, commercial kits have been used for purification of metagenomic DNA (mgDNA), but their uptake has been restricted due to the limited number of samples, their high cost, and importantly their lower quality and yields (Fortin et al., 2004) than laboratory protocols. The implementation of protocols is necessary in many cases, although most methods must be adapted according to the contaminants present in the sample. Therefore, the development of total DNA isolation protocols should start with the removal of contaminants before cell lysis (Fang et al., 2015) . In particular, marine soils are commonly rich in fulvic and humic acids, which are frequently co-extracted with DNA (Nair et al., 2014) because they possess physical and chemical characteristics similar to DNA molecules and thus are too difficult to remove (Fitzpatrick et al., 2010) . Heavy metals are also present in marine sediments and strongly inhibit any reaction in PCR amplification (Matheson et al., 2009) . Contaminants other than proteins should be kept to a minimum (Felczykowska et al., 2015) . In this regard, it has been demonstrated that pretreatment of sediment samples to remove inhibitors and contaminants can be crucial. The application of common but appropriate reagents, such as EDTA or Tween-20, promotes their elimination for retrieval of total DNA from contaminated sediments (Fang et al., 2015) , although the inclusion of glass beads is frequently used for their elimination (Tanase et al., 2015) . One technique for purifying DNA with remnant humic acids is the electrodialysis method, which consists of the application of an electrical field to the DNA isolate, employing a dialysis membrane for specific extraction of DNA from the solution. This method has been employed for successful DNA recovery from petroleum-polluted metallic environmental samples (Rodríguez-Mejía et al., 2008) . This study describes successful modifications made to a DNA extraction protocol initially developed for soils and improved for sediments contaminated with hydrocarbons and collected in different seasons. The improvements include sediment pretreatment and DNA purification.
MATERIAL AND METHODS

Marine sediment samples
A total of 12 soil samples were collected during the rainy and dry seasons from three sites of two coastal locations: Progreso and Sisal in Yucatan, Mexico. Samples were stored differentially at 4° and -20°C for further TPH and molecular genetic analysis respectively. The samples of rainy season were labeled PAEL, PBEL, and PCEL for samples from Progreso and SAEL, SBEL, SCEL for those from Sisal. Meanwhile, dry season samples were labeled PAES, PBES, PCES for samples from Progreso and SAES, SBES, and SCES for those from Sisal.
Sample preparation for petroleum-hydrocarbon extraction
The sediments were processed to determine moisture percentage as suggested Fernández et al. (2006) . Twenty grams of sediment was dried at 28°C for 48 h and then pulverized into fine particles to obtain a higher surface area in contact with organic solvents. The moisture percentage was obtained by differences in weight before and after calcination at 80°C for 24 h.
Hydrocarbon extraction by mechanical shaking
This method is efficient and inexpensive regarding time and the solvents used. It was developed from US EPA methods 3500B and 3540C, as suggested by Schwab et al. (1999) and Arce-Ortega et al. (2004) . The sediment (5 g) was mixed with 3 g anhydrous Na 2 SO 4 and vortexed until homogeneous. Then, 5 mL dichloromethane was added, and it was homogenized for 45 s. Subsequently, the supernatant was recovered after centrifugation (4°C, 4072 RCF for 10 min) and the precipitate was resuspended. This was executed until 15 mL organic extract was obtained, which was brought to constant weight for its quantification.
Gravimetric quantification
This method was based on 821-B94-004 (EPA method) and quantified TPH in the samples by their weight balance. Firstly, 15 mL organic extract was placed in glass vials at a constant weight and vaporized under nitrogen flux until concentrated to dryness. Then, the weight differences corresponding to TPH content were recorded, taking into account the moisture measured for the calculation.
Molecular genetic analysis
Pretreatment of collected samples
The treatment for humic and fulvic acid removal was executed according to Fang et al. (2015) using different quantities (0.65, 0.45, and 0.25 g) of sediment sample PCEL and 3 mL saline buffer with 0.1 M EDTA, 0.1 M Tris, pH 8.0, 1.5 M NaCl, 0.1 M NaH 2 PO 4 and Na 2 HPO 4 . Subsequently, samples were incubated at 65°C for 15 min at 180 rpm. Finally, they were centrifuged at 25°C for 6 min at 9979 RCF. The supernatant was discarded, and the pellet was resuspended in 3 mL saline buffer. This was repeated 3 times until a clear supernatant was obtained.
Metagenomic DNA extraction
Metagenomic DNA was extracted from all 12 soil samples by the method of Osborn et al. (2000) modified from Zhou et al. (1996) . Fresh sediment (0.25 g) was suspended in 600 µL extraction buffer [100 mM Tris, 100 mM EDTA, 100 mM sodium phosphate buffer, pH 7, 5 µL proteinase K (V302B, Promega) (10 mg/mL), 9 µL lysozyme (LDB0308, Biotech) (100 mg/mL)] and incubated at 37°C for 30 min at 150 rpm. Subsequently, 150 µL 10% SDS, 225 µL 5 M NaCl and 75 µL 5% CTAB/1.5 M NaCl were added, and samples were incubated at 65°C for 15 min. The sample was then submitted to freeze-thaw using liquid nitrogen for 5 min and thawed at 65°C for 10 min. This step was repeated twice. After centrifugation at 4°C for 10 min at 1995 RCF (Digicen-21R, Orto Alresa), the supernatant was transferred, and the pellet was suspended by vortexing for 10 s in 200 µL extraction buffer and 50 µL 10% SDS. It was then incubated at 65°C for 10 min. After centrifugation at 4°C for 10 min at 1995 RCF, the supernatant was removed and pooled with that obtained from the first centrifugation. An equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) was added to the pooled supernatant and mixed, and then centrifuged at 4°C for 5 min at 1995 RCF. The upper layer was transferred to a new tube to add an equal volume of chloroform:isoamyl alcohol (24:1), and it was centrifuged again at 4°C for 5 min at 1995 RCF. The upper layer (aqueous phase) was transferred to a new tube with 0.7 v isopropanol (at -20°C), and 0.3 v 3 M sodium acetate was added. After mixing by inversion, it was centrifuged at 4°C for 30 min at 13,709 RCF. The supernatant was then discarded, and the pellet was suspended in 75 µL 70% ethanol, and subjected to centrifugation at 4°C for 10 min at 9520 RCF. The supernatant was discarded, and the pellet was left to dry. Subsequently, the pellet was suspended in 400 µL TE and incubated at 65°C for 30 min. It was then transferred to 1.5-mL tubes and centrifuged at 4°C for 20 min at 21,420 RCF. The supernatant was recovered and transferred to a new tube to add 5 µL RNase (Ribonuclease A from bovine pancreas, R6513, Sigma) (10 mg/mL), and then was subjected to 37°C for 30 min. For mgDNA precipitation, 0.7 v isopropanol at -20°C and 0.6 v 3 M sodium acetate were added, mixed by inversion and centrifuged at 21,420 RCF for 15 min. The supernatant was discarded, and 200 µL 70% ethanol (at -20°C) was added to the pellet and centrifuged at 4°C for 10 min at 9520 RCF. The supernatant was discarded, and the pellet was suspended in 25 µL water. The DNA extraction protocol modified from Zhou et al. (1996) was applied to isolates of sulfate-reducing bacteria from cultures enriched in Postgate B medium (Postgate, 1984) . From 20 mL bacterial culture, 1 mL culture and 1 mL TE buffer (10 mM Tris-HCl and 1 mM EDTA) were centrifuged (21,420 RCF for 15 min at 4°C). Then, the supernatant was discarded, and the precipitate was resuspended in 1 mL bacterial culture and 1 mL TE buffer. This procedure was executed until the medium was exhausted. DNA extraction was applied using 1 mL extraction buffer, 42 µL proteinase K (10 mg/mL), and 75 µL lysozyme (100 mg/mL). This solution was mixed by inversion and incubated at 37°C for 30 min, and then 250 µL 10% SDS, 374 µL 5 M NaCl and 125 µL 5% CTAB/1.5 M NaCl were added. This solution was incubated at 65°C for 15 min and centrifuged (21,420 RCF for 10 min at 4°C). The supernatant was divided into two tubes to add a volume of phenol:chloroform:isoamyl alcohol (25:24:1), mixed by inversion and centrifuged (5355 RCF for 5 min at 4°C). The supernatant was mixed with 0.7 v isopropanol (at -20°C) and 0.3 v 3 M sodium acetate. This was mixed by inversion and centrifuged (21,420 RCF for 30 min at 4°C). The precipitate was washed using 70% ethanol and resuspended in 400 µL TE buffer (10 mM Tris-HCl, 1 mM EDTA) for incubation at 65°C for 30 min in a water bath. It was then centrifuged (21,420 RCF for 20 min at 4°C), the supernatant was recovered, 5 µL RNase A (10 mg/mL) was added, and it was incubated at 37°C for 30 min. The genomic DNA was precipitated at room temperature with 280 µL isopropanol (at -20°C) and 120 µL 3 M sodium acetate and centrifuged (21,420 RCF for 15 min at 4°C). The supernatant was discarded, and the pellet was washed with 70% ethanol and dried to resuspend in 25 µL double-distilled water.
Metagenomic DNA yield and purity estimates
The nucleic extract (5 µL) and Orange G (03756-25G, Sigma) (2 µL) were loaded on agarose gel at 1% with 1X TAE and 1.2 µL Gelred (41003, Biotium). The sizes of fragments were referenced to 1-kb DNA ladder (Invitrogen). The bands were visualized by Photo Documentation (1302 GDS, Labnet). Metagenomic DNA was checked for purity and concentration by Nanodrop (2000, ThermoScientific) on absorbance read at 230, 260, and 280 nm.
Metagenomic DNA purification by dialysis membrane
The purification of mgDNA was executed as follows. Fragments of mgDNA from 1% agarose gel were frozen at -20°C for 30 min. Meanwhile, 7 cm dialysis membrane (D9777, Sigma) was prepared by rinsing in double-distilled water for a few minutes and then in 1X TAE buffer. A dialysis tube was prepared with a rubber band tightened at the end of the membrane. Then, the frozen fragments and 400 µL 1X TAE were introduced and a rubber band placed at the other end. The dialysis tube was placed inside an electrophoresis chamber at 100 mV for 15 min. Then, the 1X TAE buffer was removed and transferred to a new tube with 200 µL 70% ethanol (at -20°C) and centrifuged at 4°C for 10 min at 9520 RCF. The precipitate was suspended in 20 µL double-distilled water and stored at -20°C until use.
Amplification of 16S rRNA
The 16S rRNA gene amplification by PCR was executed obtaining a fragment of 484 bp using specific primers for the V1-V4 coding region: 28F (5'-GAGTTTGATCNTGGCTCAG-3') and 534R (5'-ATTCCGCGGCTGCTGG-3'). The PCR for 10 μL was executed with 1X PCR buffer, 0.16 mM dNTPs, 1.5 mM MgCl 2 , 0.5 μM of each primer, 0.02 μL of Taq polymerase recombinant (11615-010, Invitrogen) and 10 ng mgDNA. The cyclic profile was initial denaturalization at 94.5°C for 4 min, 25 cycles of 94.5°C for 1 min, 61.9°C for 1 min and 72°C for 1 min, with a final elongation at 72°C for 10 min (T100-ThermalCycler, Bio-Rad). DNA extracted from pure culture was used as a positive amplification control.
RESULTS AND DISCUSSION
Numerous protocols have been used and optimized for soil samples (Steffan et al., 1988; Zhou et al., 1996; Osborn et al., 2000) , and commercial kits are available for DNA extraction from soils contaminated with polycyclic aromatic hydrocarbons (PAHs) (Mahmoudi et al., 2011) . However, most offer low DNA yields, compromising bacterial diversity. An inexpensive, reliable, and effective mgDNA extraction protocol from marine sediments contaminated with petroleum hydrocarbons was established in this study. This method, developed originally by Zhou et al. (1996) for a variety of sediment and soil types and further modified by Osborn et al. (2000) , was developed and optimized in this study. The sediment samples contained higher TPH concentrations in rainy than in dry seasons (Table 1 ). In fact, the TPH concentrations were at the top of the maximum range permitted by UNESCO (70 µg/g) for coastal sediments in the Gulf of Mexico. Higher concentrations in rainy than in dry seasons have been documented for PAHs, with runoff comprising the major PAH source in the rainy season in Azuabie Creek in the Niger Delta (Daka and Ugbomeh, 2013) . High PAH concentrations were also measured in sediments during the rainy season in an estuary in Sinaloa, Mexico, where contamination is closely related to human activities, such as domestic and industrial discharge, automobile exhausts, and street runoff (Jaward et al., 2012) . In the area where the samples were taken for this study, the cause was probably runoff of contaminants from anthropogenic (maritime ports, fisheries, industrial, and urban) activities performed in the area (Valenzuela et al., 2005) . It is important to highlight that this is the first study since that of Valenzuela et al., in 2005 , and Mexico does not have any official measure on maximum permissible limits to marine sediments. The protocol of Osborn et al. (2000) developed for mgDNA extraction was modified by RNase enzyme addition and a second isopropanol precipitation followed by ethanol washes. The modifications produced higher mgDNA yields of 41.9-914.5 ng/µL (Table 2) than those of the Zhou et al. (1996) protocol with 2.5-26.9 µg/g. However, this modified protocol produced a higher A 260 /A 280 ratio than the protocol of Zhou et al. (A 260 / 280 of 1.35). The extracts were visibly degraded and apparently contained RNA (Figure 1 ) despite increases in concentration (data not shown). The results obtained suggested the presence of remnants of contaminants that were co-extracted with mgDNA causing its degradation. To eliminate them, sediment pretreatment was performed before cell lysis. Different sample sizes of marine sediment (PCEL sample) were pretreated with saline solution as suggested by Fang et al. (2015) . The mgDNA obtained after pretreatment was 265-772.5 ng/µL with substantially improved quality (Figure 2 and Table 3 ) because both the A 260 /A 280 and A 260 /A 230 ratios were higher than those obtained through Osborn's and Zhou's protocols. As suggested by the results obtained, higher sediment samples produce higher mgDNA yields. For practical purposes, 0.25 sediment was selected and executed in all samples with yields 161.8-389.6 ng/µL (Table 4 ). The chemicals comprising the saline solution (EDTA, Tris, NaCl, and phosphate buffer) were suitable. EDTA chelates metal ions and toxic materials (Klucakova, 2012) , which leads to inactivation of lysozymes and proteinase K, and accelerates the dissolution of humic materials that bind metal ions or heavy metals (Lahiri and Schnabel, 1993; Klucakova, 2012) . The mgDNA integrity was visualized by agarose electrophoresis with no RNA presence. However, amplification of the 16S RNA gene was not possible (Figure 2) . The failures to obtain amplification results serve as confirmation of the presence of an inhibitory compound in the DNA sample, because the positive control was amplified (Cone et al., 1992) . Humic substances or metals probably remained, inhibiting the amplification reaction. In particular, humic substances chelate Mg 2+ ions during PCR, and therefore, indirectly affect the activity of Taq DNA polymerase (Tsai and Olson, 1992) . Meanwhile, studies have indicated that co-purified metal ions inhibit DNA amplification (Combs et al., 2015) , including calcium, which is also inhibitory. Metal ions can form soluble, high-molecular-weight complexes with humic substances in soils. Additionally, they can form adducts with DNA and can form crosslinks between DNA and proteins (Matheson et al., 2009 ). These chemical interactions can impair access to the DNA template during PCR. Dialysis membrane has been used with electroelution for isolation of DNA from oxidized metallic environments contaminated with petroleum (Rodríguez-Mejía et al., 2008) . The procedure performed by using dialysis tubing facilitates the removal or exchange of small molecules from macromolecules in solution based on differential diffusion. The quality was adequate, following purification with a dialysis membrane, although yields were diminished lightly in some samples (Table 5 ). In fact, those samples with major loss of yield are because purification process was applied many days before to mgDNA extraction with pretreatment. The protocol for mgDNA extraction and purification was applied to all samples, indicating the reproducibility of this protocol that produces mgDNA of high quality and yield (Table 5 ), in comparison with Zhou's or Osborn's protocols. As a result, the mgDNA amplification results were successful (Figure 3 ). This result indicated that the modifications made to this protocol were highly suitable for samples highly contaminated by petroleum hydrocarbons. The suitability of this mgDNA extraction protocol lies in the fact that all chemical solutions utilized are common in all molecular biology laboratories, and the use of dialysis membrane does not require any sophisticated or expensive equipment, only an electrophoretic chamber. Additionally, it can be implemented for successful results from any soils contaminated with humic acids or hydrocarbons. In this protocol, the humic acids were eliminated by pretreatment of sediments with saline solutions. The inhibitory effects of amplification were eliminated with dialysis tubing with electroelution. The adaptation of the mgDNA protocol with two noninvasive techniques may include additional advantages for providing a representative sampling of the metagenome population. The purity of the mgDNA obtained by this mgDNA protocol was further substantiated by the simple construction of a metagenomic library (in the process). The statistically significant improvement in the efficiency of DNA extraction invariably contributes to downstream manipulations by effectively reducing contaminants. This report describes a DNA extraction method from sediments highly contaminated with hydrocarbons. DNA yields and quality were suitable for amplification regardless of the TPH concentration contained in the sediment samples. DNA was extracted from each sample, confirming its reproducibility. It is important to highlight that the chemical solutions used in this protocol are prevalent in molecular biology laboratories. Therefore, its execution does not require any special method and any laboratory can perform the protocol implemented here.
